Heparin and heparan sulfate delimit nephron formation in fetal metanephric kidneys.
Formation of nephrons from primitive mesenchyme in fetal kidneys is induced by ureteric buds. Nephron induction is closely coordinated with branching morphogenesis of the ureteric bud. Having previously shown that branching of the primitive ureter is associated with de novo synthesis of chondroitin sulfate proteoglycan and release of free heparan sulfate glycosaminoglycan chains, we asked whether glycosaminoglycans influence nephron development. Fetal mouse kidneys were incubated in organ cultures containing heparan sulfate, heparin, chondroitin sulfate, or hyaluronate. After 48 hr the number of nephrons at each developmental stage was enumerated by light microscopic analysis of serial tissue sections. Kidneys incubated in heparin or in heparan sulfate contained up to 10-fold fewer nephrons than did kidneys incubated in control conditions or in chondroitin sulfate or hyaluronic acid. Maturation of nephrons, however, was unaffected. Inhibition of nephron development was associated with binding of labeled heparin to primitive mesenchyme and altered tissue distribution of fibronectin. Branching morphogenesis was impaired in kidneys exposed to heparin but not to heparan sulfate or to de-N-sulfated, N-acetylated heparin. The capacity of glycosaminoglycans to inhibit nephron formation depended on sugar composition and O-sulfation but not GAG chain size or charge density. Thus, heparan sulfate may have the capacity to specifically control formation of nephrons in fetal metanephric kidneys in vitro.